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(57) ABSTRACT

A printer, which 1s connected to a host computer, comprises
a synchronizing signal output section for outputting a syn-
chronizing signal to the host computer, a data detection
section for detecting print data received from the host
computer by using a sampling signal, and a print processing
execution section for performing print processing based on
the detected print data, wherein the sampling signal has a
frequency higher than the synchronizing signal has. Upon
detection of a change command for changing the clock rate
of the synchronizing signal from the host computer, the
printer may give a signal to the host computer for instructing
the host computer to stop transmitting data and change the
synchronizing signal into the clock rate specified 1 the
change command. Upon completion of changing the clock
rate of the synchronizing signal, the printer may output a
signal to the host computer for mstructing the host computer
o restart transmitting data. A count value 1s counted by a
fimer 1 sequence and each time the expiration of the
counting 1s reached, a data output command signal may be
output to a data transmission section and data of a prede-
termined length may be transmitted from the data transmis-
sion section to the host computer.

30 Claims, 15 Drawing Sheets

PRINTER |30

THANSMIT SYNCGHRONIZING

ol

TRANSMIT DATA (T4) |-

SIGNAL (T1)

TRANSMIT STOP REQUEST
" | SiGNAL (T2)

TRANSMIT STOP RELEASE
" | sIGNAL (T3)

TRANSMIT CHANGE

COMMAND (T5)

_—— TRANSMIT STOP REQUEST

SIGNAL (T8)

TRANSMIT SYNCHRONIZING
| SIGNAL AT NEW SETUP

CLOCK RATE (T7)

_———1 TRANSMIT STOP RELEASE

SIGNAL (T8)




U.S. Patent Oct. 4, 2005 Sheet 1 of 15 US 6,952,276 B2

FIG. 1

10 20

2?-1 22
| INTEHFACE‘
’i PRINT PROCESSING
HOST COMPUTER | %%'élpfg’N'- EXECUTION SECTION

PRINTER




US 6,952,276 B2

Sheet 2 of 15

Oct. 4, 2005

U.S. Patent

1.!...i...ii.........!!!.......i.!............i...................i....i................. J_
_ .
“ NOILO3S NOILO3L3d 3LY1S 2
| i
| }
_ 3
| |
| i
| i
e |
H il
X NOLLD3S i1
| |
| nowoss | | nowoss | [NoisuaANOO| [Nowozs| | NOMO3S |-
| | DNISS300td +{NOISNVdX3 ONY QV3H | ‘Wgaang [
] INdd V.va SISATYNY | | Viva o |11
“ i V1vQ | " _
¥ [ _ B
i Ge2 y2e | | "
“ VR O _ “ m
| 1
| j |
| i |
| i |
| i |
| |
| 1
| | “
| Nl__ln ................................................... —
« AR |

|
NOILO3S | |
NOISSINSNYYL ——7>
v1vQ | s
|
5
[ nowozs ] i
| onigmg
Oj LAON3NO3kA | | ¢
NOILO3S
NOILO313@
| oviva |
_ I
iz | oL
[ Nowoas | i
H NOWLO313a |=H
| LeLevIS | i 5
T
[ NoiLoas 1
| oNLveange | 1
| wneis | TV
| _ONMdWYS | 1t
I — _
02

d31NdNOD
150H WOHA



US 6,952,276 B2

Sheet 3 of 15

Oct. 4, 2005

U.S. Patent

b DN GEL MEE i A AN i O I E Wl W S W e bk el ol Sn G S S - -G W D W WP S G G D SR D SR D A e A el d T A W S I G B A S TR W T e e mmm e owmd s

& Dl

2S
28
g8
1S



U.S. Patent Oct. 4, 2005 Sheet 4 of 15 US 6,952,276 B2

FIG. 4
10 30
" 32
PRINT
TRANSMISSION "’égi'?rg%f PROCESSING
'SPEED CONTROL el EXECUTION
SECTION SECTION

---------------



5\

=

< _

3 _ 1| nowoss |

> | NOILO3S NOILO3130 31YLS —ri={ NOISSINSNVYL

< _ , i1 viva s

> “ i I oz |
. | |

- _ i |
| £ |

| |
| k .
| |

| | |
| i |

" i 1 [ nouwoss | |

- | ] 10HINOD [T

. | i | 68

ph _ Il iz _

7 _ W
w NOILO3S ||
_ LNALNO TYNDIS

" . ONIZINOHHONAS

O *

i | | NOLLOJS vowozs | I 81 _

M NOILO3S | |NOISHIANOD| | Nowo3s | [Nowods| | weanaw | 11 e

2 NOISNYdX3 ONY NOILO3LIA < QVIH (| ‘\9oing vig [

vLva SISATYNY | | ONYWWNOD | | VLvC |
V1vQ NOILO3S | |
— — NOLLd303H
iz 222 viva

U.S. Patent



U.S. Patent Oct. 4, 2005 Sheet 6 of 15 US 6,952,276 B2

FIG. 6

'RECORDING | _|  HOST
- MEDIUM | | COMPUTER | '° PRINTER |~30

TRANSMIT SYNCHRONIZING
SIGNAL (T1)

TRANSMIT STOP REQUEST
SIGNAL (T2)

TRANSMIT STOP RELEASE
SIGNAL (T3)

TRANSMIT DATA (T4)

TRANSMIT CHANGE
COMMAND (T5)

TRANSMIT STOP REQUEST
SIGNAL (T6)

TRANSMIT SYNCHRONIZING
SIGNAL AT NEW SETUP
CLOCK RATE (T7)

TRANSMIT STOP RELEASE
SIGNAL (T8)



US 6,952,276 B2

Sheet 7 of 15

Oct. 4, 2005

U.S. Patent

NOILO3S

|
_ NOILO3S NOILO3L3 ALVIS —=| NOISSINSNVHL
“ | | v1ivQ | e
| 922 | | |
| “ | Jle |
" | _
_ T Nowoss |
._ " | | LndinovNeis
| | ONIZINOWHONAS | | ¢q
i 1] gz _
| | | |
“ _ | | NOILO3S | |
___ | | | TOHINOD
. | | | gg
_ 1l Qi _
| R _
| | | |
“ e+ £+ - o 8+ e o & et B § € A o § 4 € i o § ¢ S _ ZO_._.ONW _!_..l..<_.N
K i1 || NOILOAL3Q (=
| | , NOILO3S 11 'l ONVINWNOO |
1 nouwoss | | nowoas | [noisuaanoo| (nowoas| | Nabwaw | 11 |
| i | DNISS3O0Hd [+ NOISNVdX aNv avad W344ng (11| 22 112 1
H vY1va m_wﬁmz« VLVG T 3 == 1
| _ NOILO3LIA («H
i yee £ce Gée | | VLvQ INida __ i 25
e e —————————— | R ——
e e+ s ul ....................... /Om
Ve Z 9l4



U.S. Patent Oct. 4, 2005 Sheet 8 of 15 US 6,952,276 B2

FIG. 8

10 40

41 42

INTERFACE - PRINT PROCESSING

HOST COMPUTER | | | CONTION EXECUTION SECTION

PRINTER

' 'RECORDING | __,
. MEDIUM

---------------

R



US 6,952,276 B2

Sheet 9 of 15

Oct. 4, 2005

U.S. Patent

IiltllI!lll.llllliiililll‘lllllill.l.lli.lllIlII_I_-_III.I_i.l-Iil!lil.lililll!liltl‘
o+ e v W

NOILO3S

NOILO3S NOILO313Q 3LVLS ] NOISSIASNVHL
¥ vivd
9cc

3 12

JO41INOJ

|
|

|

|

|

|

. |
NOILO3S __
|

|

|

|

|

1
8¢¢ i}
]
i
Il NOILD3S
1] LndLnO TYNDIS
___ ONIZINOHHONAS | |
al |
. NOILD3S wologs | 11 8k i
Il NOILD3S NOILO3S. | |NOISHIANOD| | NOLLO3S | [NOWI3S| | \uAwam ___ |
|| ONISSIDOHd [=+{NOISNVdX3 aNy NOILO3L30 +{ Qv3d wagdng [ viz |
INIHd V1vQ SISATYNY | | ONVWWOO | | VLVQ N | |
viva NOILD3S | |
] “ NOILd303Y
622 _

= aummnll § BN T IiIiI-I.-I1IiIiIlI-I‘l'l'IIIIIIIIIII-I-_II_IIIIIIIl




US 6,952,276 B2

Sheet 10 of 15

Oct. 4, 2005

U.S. Patent

9¢¢

_ NOILO3S
NOILD4S NOILLO3S NOISH3ANOD |
ONISS300Ud +{NOISNVdX3 ANV
INIdd V1vQ SISATYNV
v1vQ
Ece

- S w SIS § Sy o Al d TS S S B b O T T h e S e b eliniel § el & SN EE—

NOILO3S NOILD313Q 41V1S

l.I'Il.IllIII_I_-I-I-IIII_I'lIIII-.I__I ]

Noio3s| | NOLO3S
AHOWIN
avad =1 ‘u311ng
V1Va
LNdNI
122

P T T e T Y I N §F XY 0 BN 0 W)

NOILOIS
1NdLNO TYNDIS
ONIZINOHHONAS

|
g1z 012 “
NOILD3S |
NOISSINSNYHL _
vivd 45

NOILD3S “
TOHINOD _
~ |
aiz 312 "
NOILD3S |
HIWIL _

m_._l ............ “L-I\(PN
_ NOILD3S | !
| NOILO313Q (=
[ ONVIWWOD | :
[ nowozs ] |
r| NOLO3UIA (<

| VAVO NI | i 5
Lo e L_
AN



U.S. Patent Oct. 4, 2005 Sheet 11 of 15 US 6,952,276 B2

FIG. 11
10 50
INTERFACE
HOSTCOMPUTER | | CONTROL | EXECUTION SECTION

PRINTER

-------------

§ RECORDING | _q

---------------



US 6,952,276 B2

Sheet 12 of 15

Oct. 4, 2005

U.S. Patent

1S
e _
| 1 NOILO3S |
| NOILO3S NOILD313d 31V1S Had NOISSIWSNYHL _
| | . v1va _
| 022 1 |
| _“ 012 "
i |
“ il Nowoas ||
| || Lnd1no WNeIs H
_ 1{| ONIZINOHHONAS | 1o
| I |
| . 1| ke |
| _“ NOILOAS | |
| i T0HINOD|
_ _.l.......llllll .......................................................... ...___ _mw
K _ _ 1 ale _
k | NOILO3S L N R L ————
|| Nowoas | | Nowo3s | |NOISH3ANOO| | NOWO3S | INOLO3S| | i | ill | Tgazana | 1|
| 1| ONISSIO0Hd [+{NOISNVdX3 ONY NOILO3L3C «{ AV3H v3aa0g T T NoLd303y | | |
HIETTE viva - | | SISATYNY | | aNvwwoo | | viLva iR |
| LNdNE | 15y | |
} VLVQ _“_ “ k
| _ 3
| ez V22 122 il |
} i | | ualsio3y | ! |
| il | |NOwd303u [ |
__ ..................................................................... ...I__ . J._ _Nw
e e . e+ e+ e o+ e + o + S ¢ S} P ¢ " & At & o S b SIS § W § S} — - e ¢ S | S G § D ¢ W § — § — A § S — o L
T o NOILO3S A.
25 NOILd303H V1Va V12
A |



U.S. Patent Oct. 4, 2005 Sheet 13 of 15 US 6,952,276 B2

RECEPTION
BUFFER

TO INPUT BUFFER
MEMORY SECTION

FiG. 13
21A: DATA RECEPTION .
| SECTION 21D: CONTROL SECTION

Ao - S

i 215A ; ;
S2 | . S10 | S - 21B

. _|RECEPTION| : :

| REGISTER | | i . : SYNCHRONIZING
S3 | g ; = j SIGNAL OUTPUT

; l ; SECTION

2158 |

: 820

<



U.S. Patent Oct. 4, 2005 Sheet 14 of 15 US 6,952,276 B2

FIG. 14

START GENERATION OF CLOCK |-S101
START RECEPTION AT 5102
RECEPTION REGISTER

COMPLETE RECEPTION AT $103
RECEPTION REGISTER

S104

RECEPTION
REGISTER IS FULL.

o NO

YES

STOP GENERATION OF CLOCK ~S107

S5108

RECEPTION

HEGISTE:{ IS FULL YES
NO
TRANSFER RECEIVED DATA 3108 TRANSFER RECEIVED DATA 5105
TO RECEPTION BUFFER TO RECEPTION BUFFER
5110 ALL DATA S106 ALL DATA
RECEPTION IS RECEPTION IS
NO COMPLETED? COMPLETED? NO

YES YES



MNI0T0 TYNDIS
ONIZINOFHONAS

US 6,952,276 B2

A A F S — .
|HY1S3H dO1S ()Gl ‘DI
NOLLVHINID  NOILVHINID

TVYNOIS
dOLS MO0

(9) 1 DI

Sheet 15 of 15

H3d44N6
NOILd303d NI V1vQ

(9) 61 DI

Oct. 4, 2005

H4151948
NOILd3034 NI V1v(

(8) S1 9|4

U.S. Patent



US 6,952,276 B2

1

PRINTER DETECTING DATA PRECISELY IN
RESPONSE TO CHANGE IN DATA
TRANSMISSION SPEED

This 1s a CIP application of U.S. Ser. No. 09/014,161
filed on Jan. 27, 1998 U.S. Pat. No. 6,570,666, the entirety
of which 1s mcorporated by reference.

BACKGROUND OF THE INVENTION

The present mvention relates to a printer for executing
print processing according to print data mput from a host
computer such as a personal computer and 1n particular to a
printer to which print data 1s input from the host computer
in synchronization with a synchronizing signal output from
the printer to the host computer.

Some printers for executing print processing based on
print data transmitted from a host computer adopt a two-way
synchronous serial interface system wherein the printer
supplies a synchronizing signal to the host computer and
receives print data synchronized with the synchromizing
signal from the host computer. The printer adopting such an
interface system receives print data transmitted by a host
computer at the same timing as a synchronizing signal
supplied to the host computer, thereby performing print
processing.

A first conventional printer adopting such an interface
system samples print data transmitted by a host computer at
the same timing as a synchronizing signal supplied to the
host computer, thereby detecting print data. Specifically, the
printer samples and detects a start bit placed at the top of
data on the rising or falling edge of a synchronizing signal,
thereby determining print data.

However, the first conventional printer cannot correctly
detect print data if the channel between the printer and the
host computer, for example, the length of a printer cable
changes or the transmission speed becomes higher than the
initial speed. Therefore, the first conventional printer may
become unable to execute required print processing. That 1s,
a delay on a channel such as the printer cable between the
printer and the host computer or a transmission circuit of the
host computer may cause the rising or falling timing of a
synchronizing signal when the printer samples print data to
differ from the rising or falling timing of a print data signal
from the host computer. If the data transmaission speed
becomes high and the synchronizing signal frequency also
becomes high, effect of the difference on the synchronizing,
signal width becomes larger relatively, thus the printer
cannot detect a start bit 1n the print data.

A second conventional printer 1s a printer 1 a system
wherein a host computer 1s connected to another computer
and peripheral machines, for example, by a LAN (local area
network). In the system, when the host computer outputs
print data to the printer, 1t may change the data transmission
speed to the printer because the host computer needs to
perform any other processing at the same time.

In such a case, normally the host computer sends a change
command for changing the clock rate of a synchronmizing
signal to the printer as data and the printer receiving the
command changes the synchronizing signal to the corre-
sponding clock rate.

However, generally the second conventional printer 1s
adapted to once store the data transmitted from the host
computer 1n a reception buifer memory and read the stored
data 1n sequence for processing. Thus, 1f a data transmission
speed change command as described above 1s transmitted,
the change command 1s processed after the previously stored
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data 1s processed. Meanwhile, the host computer needs to
stop transmitting data and stand by for a given time after
transmitting the change command.

That 1s, a temporary wait occurs in the host computer
because the host computer cannot send subsequent data until
it becomes possible for the printer to receive data at new
setup data transmission speed or until reception of a speed
change complete nofification from the printer. In this case,
the host computer needs to be provided with a protocol for
performing wait processing and the printer needs to be
provided with a protocol for returning a speed change
complete notification.

If the host computer 1s adapted to send data after the
change command, the printer needs to be provided with a
circuit capable of reliably receiving data after the data

transmission speed 1s changed and the host computer needs
also to be provided with a circuit capable of reliably trans-
mitting data in such a case.

A third conventional printer 1s a printer for transmitting a
status signal of a notifying a current state of the printer, such
as printing, print completion, or no paper, to a host computer
as required. In this case, the host computer notifies the host
computer user of the current state of the printer. To com-
municate data between the printer and the host computer
based on a synchronizing signal transmitted from the printer
to the host computer as described above, a kind of the status
signal 1s transmitted from the printer to the host computer in
synchronization with the synchronizing signal.

Here, for example, 1f the host computer has a low data
reception capability, namely, has a small input buffer or a
low reception data processing capability, there 1s a fear of
occurrence ol incomplete or missing data 1n the host com-
puter. In such a case, the third conventional printer adopts a
technique of setting the transmission speed of data trans-
ferred between the host computer and the printer to low
speed to such a degree that the host computer can process
data.

The host computer transmits a data transmission speed
change command to the printer, requesting the printer to
lower the data transmission speed of the synchronizing
signal output from the printer to such a degree that the host
computer can process data, thereby temporarily changing
the data transmission speed of the synchronizing signal
output from the printer. In this case, the host computer
receives a synchronizing signal at new setup data transmis-
sion speed from the printer, prepares for data reception at the
speed, and upon completion of the preparation, transmits a
completion signal (for example, Ready signal) to the printer,
then receives data from the printer. After receiving the data
from the printer, the host computer performs similar pro-
cessing to change the data transmission speed to the former
speed.

To perform data transmission speed change processing as
described above, the host computer 1s provided with a
protocol for performing such control and sends a predeter-
mined command to the printer based on the protocol and a
protocol corresponding thereto 1s also set in the printer.

However, 1n the third conventional printer, if the data
fransmission speed between the host computer and the
printer 1s set low, as the data transmission speed from the
host computer to the printer lowers, the time required for
fransmitting print data from the host computer is prolonged
and 1t takes time until completion of print processing. To
temporarily change the data transmission speed, the third
conventional printer needs to perform complicated process-
ing as described above; control becomes complicated and 1t
takes extra time to execute processing.
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A fourth conventional printer 1s a printer By the way, 1n
a conventional printer transferring data from a data reception
section 1n an 1nterface control section to an input buifer 1n a
print processing execution section by starting DMA (direct
MEemory access) or using a general-purpose interrupt pro-
cessing (data transfer by software) when data is received
from the host. In the printer, often the mmput buil

er 1n the

print processing execution section 1s made of a so-called
ring buif

er. In such a case, for example, to execute DMA
transfer of data from the data reception section to the input
buffer (ring buff

er), the counter value set in DMA becomes
such as the empty area size to the termination address (the
number of addresses) even if so-called link processing is
performed. At the time of DMA termination, 1t becomes
necessary to perform processing of returning the pointer to
the top of the empty area in the ring buifer and resetting the
counter. To transfer data from the data reception section to
the input buffer (ring buff

er) by the above-described general-
purpose interrupt processing (data transfer by software), ring
buffer processing 1s also required.

The data transfer rate (baud rate) in the serial communi-
cation system between a host and a printer keeps on speed-
Ing up year by year like 900 Kbps to 1.8 Mbps to 3.6 Mbps.
[f the processing for the data transfer termination (ring buffer
processing) described above is late by the time the data
reception section 1n the interface control section receives
another data piece after one data piece 1s received at the data
reception section and 1s transferred to the mput buffer i the
print processing execution section, an Ooverrun €rror occurs
and 1t 1s feared that the data in the data reception section may
be lost. For example, 1f one byte of print data in a raster
format 1s lost, print 1s stmply placed out of order or the like,
but 1f data containing control data 1s lost, a great deal of data
may become missing.

In the two-way serial communication system between a
host and a printer, the printer can inform the host of a BUSY
state so that the host stops data transfer. However, if the host
1s informed of the BUSY state, generally 1t cannot 1imme-
diately stop the data transfer. Thus, it 1s i1mpossible to
completely prevent an overrun error from occurring simply
by mforming the host of the BUSY state.

baud

For example, assuming that data 1s transferred at a
rate of 1.8 Mbps, 1-byte data 1s sent once about 5 s from
the host. In the case of the data processing speed of the
printer 1s slow, even 1f DMA ftransfer of data 1s executed
from the data reception section to the input buffer (ring
buffer), it 1s feared that the processing at the DMA transfer
termination time described above may be late by the time the
data reception section in the interface control section
receives another data piece after one data piece 1s received
at the data reception section and 1s DMA-transferred to the
input buifer in the print processing execution section.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
a printer that can correctly detect print data from a host
computer even 1f data transmission speed becomes high or
a channel becomes long.

It 1s another object of the present mnvention to provide a
printer that can change data transmission speed easily.

It 1s still another object of the present invention to provide
a printer that can reliably transmit necessary data to the host
computer even 1f the host computer has a low data process-
ing capability.

It 1s still another object of the present invention to provide
a printer capable of effectively preventing an overrun error
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4

from occurring even 1f 1t takes time 1n processing for the
termination of the data transfer from a data reception section
in an interface control section to an 1put buffer 1n a print
processing execution section.

Other objects of the present invention will appear more
fully from the following description.

According to one aspect of the present invention, there 1s
provided a printer for transmitting a synchronizing signal to
a host computer, using a sampling signal to detect print data
from data transmitted from the host computer 1n synchro-
nization with the synchronizing signal, and performing print
processing based on the detected print data, characterized in
that the sampling signal has a frequency higher than the
synchronizing signal has.

According to another aspect of the present invention,
there 1s provided a printer comprising an interface control
section for communicating data between a host computer, a
print processing execution section for performing print
processing based on data received from the host computer
through the interface control section, a synchronizing signal
output section being placed in the interface control section
for outputting a synchronizing signal to the host computer,
a data reception section being placed in the interface control
section for receiving data transmitted from the host com-
puter at data transmission speed based on the synchronizing
signal, a command detection section for detecting a change
command for changing the clock rate of the synchronizing
signal 1n the data received at the data reception section, and
a confrol section being placed m the interface control
section, when the command detection section detects the
change command, the control section for giving a signal to
the host computer for instructing the host computer to stop
transmitting data and controlling the synchronizing signal
output section so as to change the synchronizing signal to the
clock rate specified 1n the change command, upon comple-
fion of changing the clock rate of the synchronizing signal,
the control section for outputting a signal to the host
computer for instructing the host computer to restart trans-
mitting data.

According to still another aspect of the present invention,
there 1s provided a printer comprising: an interface control
section for communicating data between a host computer; a
print processing execution section for performing print
processing based on data received from the host computer
via the interface control section; a timer section for counting,
a setup count value 1n sequence, a control section for
outputting a data output command signal each time the
expiration of the counting in the count section is reached;
and a data transmission section for transmitting data of a
predetermined length to the host computer upon reception of
the data output command signal from the control section.

According to still another aspect of the present mnvention
comprises an 1nterface control section for transmitting and
receiving data to and from a host and a print processing
execution section for performing predetermined print pro-
cessing based on data received from the host, characterized
in that the interface control section comprises a synchroniz-
ing signal output section for outputting a synchronizing
signal to the host, a data reception section for receiving data
transmitted from the host 1in synchronization with the syn-
chronizing signal, and a control section for performing
control for the host, that the print processing execution
section comprises an input buffer memory section for tem-
porarily storing data transferred from the data reception
section, and that if another data piece 1s received at the data
reception section in a state 1n which one data piece 1s not yet
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transferred from the data reception section to the input butfer
memory section, the control section instructs the synchro-
nizing signal output section to stop synchronizing signal
output to the host. And when one data piece 1s transferred
from the data reception section to the mnput buifer memory
section and the data reception section becomes ready to
receive another data piece, the control section instructs the
synchronizing signal output section to restart synchronizing
signal output to the host.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s a block diagram to show a printer according to
a first embodiment of the present invention;

FIG. 2 1s a block diagram to show the imternal configu-
ration of the printer 1n FIG. 1;

FIG. 3 1s a timing chart to explain the operation of the
printer 1n FIG. 1;

FIG. 4 1s a block diagram to show a printer according to
a second embodiment of the present invention;

FIG. 5 1s a block diagram to show the internal configu-
ration of the printer 1n FIG. 4;

FIG. 6 1s a scquence chart to explain the operation of the
printer 1n FIG. 4;

FIG. 7 1s a block diagram to show the internal configu-
ration of a printer according to a third embodiment of the
present mvention;

FIG. 8 1s a block diagram to show a printer according to
a fourth embodiment of the present invention;

FIG. 9 1s a block diagram to show the internal configu-
ration of the printer in FIG. §;

FIG. 10 1s a block diagram to show an outline of a printer
according to a sixth embodiment of the present invention;

FIG. 11 1s a functional block diagram to show the con-
figuration of the main part of the printer in FIG. 10;

FIG. 12 1s a functional block diagram to show an overrun
prevention circuit configuration in the interface control
section shown 1n FIG. 11;

FIG. 13 1s a flowchart to show the overrun prevention
control operation 1n the circuit configuration shown in FIG.

12;

FIG. 14 1s a timing chart to show the overrun prevention
control operation 1n the circuit configuration shown in FIG.

12, and

FIG. 15(a—d) 1s a block diagram to show the internal
conflguration of a printer according to a fifth embodiment of
the present imvention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to the accompanying drawings, there are
shown preferred embodiments of the present 1nvention.
1. First Embodiment

FIG. 1 1s a block diagram to show a printer according to
a first embodiment of the present invention. As shown 1n
FIG. 1, the printer 20 1s connected to a host computer 10
such as a personal computer by a printer cable (not shown),
ctc. The printer 20 1s made up of an mnterface control section
(I/F) 21 for communicating data between the host computer
10 and a print processing execution section 22 connected to
the 1nterface control section 21.

As shown 1n FIG. 2, the interface control section 21
comprises a data reception section 21A for recerving data S2
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from the host computer 10, a synchronizing signal output
section 21B for outputting a synchronizing signal S3, and a
data transmission section 21C for outputting a status signal
S4. The data S2 from the host computer 10 contains print
data, a control command, etc. The data reception section
21A 1s made up of a sampling signal generation section 211,
a start bit detection section 212, and a data detection section
213. The synchronizing signal output section 21B consists
essentially of a frequency dividing section 214. The start bat
detection section 212 and the data detection section 213
make up a print data detection section (not shown).

The sampling signal generation section 211 generates a
sampling signal S1 for sampling print data from data trans-
mitted from the host computer 10 at a predetermined fre-
quency. The start bit detection section 212 samples print data
from the data S2 transmitted from the host computer 10 at
the timing at which the sampling signal S1 rises or falls, and
detects a start bit placed at the top of the print data. The data
detection section 213 detects a data part of the data S2
following the start bit and transmits the detected data part to
the print processing execution section 22. The frequency
dividing section 214 divides the sampling signal S1 from the
sampling signal generation section 211 and transmits the
divided signal to the host computer 10 as the synchronizing
signal S3.

The print processing execution section 22 1s made up of
a input buffer memory section 221, a data read section 222,
a data analysis and conversion section 223, a data expansion
section 224, a print processing section 225, a state detection
section 226, etc.

The 1nput buffer memory section 221 temporarily stores
data mput via the data detection section 213 of the interface
control section 21. The data read section 222 reads the data
stored 1n the mput buffer memory section 221 in sequence.
The data analysis and conversion section 223 analyzes the
data read by the data read section 222 and converts the data
into a predetermined data format.

The data expansion section 224 expands the data provided
by the data analysis and conversion section 223 into print
image data.

The print processing section 225 performs print process-
ing based on the print 1image data provided by the data
expansion section 224. The state detection section 226
outputs the status signal S4 indicating the current state of the
printer 20, such as printing, print completion, or no paper.
The status signal S4 1s output from the data transmission
section 21C of the interface control section 21 to the host
computer 10 1n synchronization with the synchronizing
signal S3 at a predetermined timing. In addition to the status
signal S4, for example, a code signal for indicating the
model of the printer 20 1s transmitted from the printer 20 to
the host computer 10.

The operation of the sections of the printer 20 1s normally
controlled by a central processing unit (CPU) installed in the
printer 20 for performing required processing 1n accordance
with instructions (a computer program and necessary data)
stored 1n an 1nstruction storage unit such as a ROM 1nstalled
in the printer 20.

Next, an example of the operation of the printer 20 will be
discussed with reference to FIG. 3, which shows the timings
of the sampling signal S1 generated 1n the printer 20, the
synchronizing signal S3 transmitted from the printer 20 to
the host computer 10, the data S2 input to the printer 20, and
the like.

The data S2 begins with a start bit part B1, followed by
a data part B2, followed by a parity bit part B3 for the data
part B2, followed by a stop bit part B4. This format of the
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data S2 1s basically the same as that adopted by a UART
(universal asynchronous receiver transmitter) of a known
controller. For example, the start bit part B1 and the parity
bit part B3 each consists of one bit, the data part B2 consists
of eight bits, and the stop bit part B4 consists of two bits.

With the printer 20 and the host computer 10 connected
by a printer cable, the synchronizing signal S3 1s output from
the interface control section 21 of the printer 20 to the host
computer 10. As the host computer 10 receives the synchro-
nizing signal S3, 1t generates data S2 synchronized with the
synchronizing signal S3 and transmits the data S2 to the
printer 20 via the printer cable, etc.

The data S2 1s synchronized with the synchronizing signal
S3 output from the printer 20. Therefore, the start bit B1 of
the data S2 arrives at the printer 20 at the timing delayed as
much as the going and returning channels between the
printer 20 and the host computer 10 and the channel 1n the
transmission circuit of the host computer 10. The start bat
detection section 212 detects the start bit B1 of the received
data S2 at the timing at which the sampling signal S1 rises,
for example, and sends the detection result to the data
detection section 213. Upon reception of the detection result
from the start bit detection section 212, the data detection
section 213 outputs the data part B2 of the data S2 following
the start bit B1 to the input buffer memory section 221 of the
print processing execution section 22. The print processing,
execution section 22 executes necessary print processing
based on the data part B2.

In FIG. 3, data S2' means an example wherein a long
printer cable 1s placed between the printer 20 and the host
computer 10. In this case, the start bit B1, etc., of the data
S2' 1s furthermore delayed as compared with the data S2.

In the first embodiment, the sampling signal 1s divided to
generate the synchronizing signal. However, the present
invention 1s not limited to it. That 1s, the printer of the
present invention may have a device for generating a syn-
chronizing signal apart from a sampling signal. In the printer
of the present invention, the frequency of the sampling
signal must have be set higher than that of the synchronizing
signal. If the frequency of the sampling signal 1s set to about
4 to 16 times as high as the frequency of the synchronmizing
signal, a sutficient effect 1s produced on practical use, but the
present invention 1s not necessarily limited to it. Further, the
frequency of the sampling signal may be set apart from the
frequency of the synchronizing signal. In this case, the
flexibility of the frequency of the synchronizing signal is
increased and the synchronizing signal can be changed as
desired 1n response to the specifications of the printer.

As seen from the description made so far, the printer
according to the first embodiment of the present invention
detects the print data from the host computer by the sam-
pling signal having a higher frequency than the frequency of
the synchronizing signal. Therefore, even if the data trans-
mission speed becomes high or the channel becomes long,
the printer according to the first embodiment of the present
invention can detect the print data reliably. In other words,
the printer allows the channel to be made long and the data
transmission speed to be made high so long as the waveform
becomes dull, thus the printer can be used 1n a wide range
of application.

2. Second Embodiment

Next, a second embodiment of the present invention will
be discussed with reference to FIGS. 4 to 6. Parts 1dentical
with those previously described with reference to the first
embodiment are denoted by the same reference numerals. As
shown in FIG. 4, a printer 30 according to the second
embodiment of the present invention 1s connected to a host
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computer 10 by a printer cable (not shown), whereby the
printer 30 and the host computer 10 make up a print system.
The printer 30 1s made up of an interface control section 31
connected to the host computer 10 and a print processing
execution section 32 connected to the interface control
section 31.

As shown 1n FIG. 5, the interface control section 31
comprises a data reception section 21A, a synchronizing
signal output section 21B, a data transmission section 21C,
and a control section 21D. The data reception section 21A
receives data S2 transmitted from the host computer 10 and
transmits the data containing print data, control commands,
ctc., to the print processing execution section 32. The
synchronizing signal output section 21B outputs a synchro-
nizing signal S3 to the host computer 10. If the control
section 21D receives a change command for changing the
clock rate of the synchronizing signal from the print pro-
cessing execution section 32, 1t gives a clock rate change
signal to the synchronizing signal output section 21B,
requesting the synchronizing signal output section 21B to
change the clock rate of the synchronizing signal to the clock
rate as specilied 1n the change command. When receiving
the clock rate change signal from the control section 21D,
the synchronizing signal output section 21B changes the
synchronizing signal S3 to the clock rate corresponding to
the clock rate change signal.

The print processing execution section 32 has a reception
buffer memory section 221, a data read section 222, a
command detection section 227, a data analysis and con-
version section 223, a data expansion section 224, a print
processing section 225, and a state detection section 226.

The 1nput buffer memory section 221 temporarily stores
data 1input via the data reception section 21A of the interface
control section 31. The data read section 222 reads the data
stored 1n the mput buffer memory section 221 1n sequence.
When the command detection section 227 detects the change
command 1n the data read by the data read section 222, 1t
sends the change command to the control section 21D. The
data analysis and conversion section 223 analyzes print data
in the data read by the data read section 222 and converts the
print data into a predetermined data format. The data expan-
sion section 224 expands the data provided by the data
analysis and conversion section 223 into print image data.
The print processing section 225 performs print processing
based on the print image data provided by the data expansion
section 224.

As 1n the first embodiment, the operation of the sections
of the printer 30 1s controlled by a central processing unit
(CPU) for performing required processing in accordance
with instructions (a computer program and necessary data)
stored 1n an 1nstruction storage unit such as a ROM 1nstalled
in the printer 30.

Next, the operation of the printer 30 according to the
second embodiment of the present mvention will be dis-
cussed with reference to FIG. 6, which 1s a sequence chart
to show a data transfer sequence between the host computer
10 and the printer 30. In the description to follow, T1-T8
denote processing steps.

The host computer 10 and the printer 30 are connected by
a printer cable, etc., for making up a print system. In this
state, first a synchronizing signal S3 1s output at a default
clock rate from the synchronizing-signal output section 21B
of the interface control section 31 in the printer 30 to the host
computer 10 at step T1. Next, the printer 30 outputs a stop
request signal, for example, BUSY signal, as a signal S5 to
the host computer 10 or outputs stop request data, for
example, XOFF code as a status signal S4 from the data
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transmission section 21C to the host computer 10 for
requesting the host computer 10 to stop transmitting data to
the printer 30 at step T2. After completion of necessary
initialization processing and warm-up processing, the printer
30 outputs a stop release signal, for example, READY
signal, as a signal S5 to the host computer 10 or outputs stop
release data, for example, XON code as a status signal S4
from the data transmission section 21C to the host computer
10 at step T3. Next, the host computer 10 starts to transmit
data S2 to the printer 30 at step T4.

After this, the host computer 10 transmits data S2 to the
printer 30 as required and the printer 30 receives the data S2
at the data reception section 21A of the interface control
section 31. The data reception section 21 A transmits the data
S2 to the print processing execution section 32, which then
performs command detection and necessary print processing,
based on the received data. To output a change command for
changing the clock rate of the synchronizing signal S3 from
the host computer 10 to the printer 30, the change command
1s transmitted with data S2 to the printer 30 at step T35.

The change command 1s passed through the data reception
section 21A of the interface control section 31 and 1is
detected by the command detection section 227 of the print
processing execution section 32. The command detection
section 227 notifies the control section 21D of detection of
the change command. Upon reception of the notification, the
control section 21D outputs a stop request signal for request-
ing the host computer to stop transmitting data as a signal S5
to the host computer 10 or outputs stop request data as a
status signal S4 from the data transmission section 21C to
the host computer 10 at step T6. Further, the control section
21D 1nstructs the synchronizing signal output section 21B to
change the synchronizing signal S3 into the clock rate
specifled by the change command.

When the synchronizing signal output section 21B com-
pletes changing the clock rate of the synchronizing signal
S3, 1t transmits the synchronizing signal S3 at the new setup
clock rate to the host computer 10 at step T7. The synchro-
nizing signal output section 21B notifies the control section
21D that the clock rate change 1s complete. In this case, the
control section 21D transmits a stop release signal as a signal
S5 to the host computer 10 or outputs stop release data as a
status signal S4 from the data transmission section 21C to
the host computer 10 at step TS.

After this, the host computer 10 transmits data S2 based
on the synchronizing signal S3 at the new setup clock rate
and the data transmission section 21C of the printer 30
fransmits a status signal S4 based on the synchronizing
signal S3 at the new setup clock rate.

In the second embodiment, the operation of the sections
of the printer 30 i1s controlled by the CPU for performing
required processing 1n accordance with the computer
program, etc., stored in the ROM, etc., installed in the printer
30. However, as indicated by the dashed line i FIG. 6, a
program for controlling the printer 30 may be stored on a
recording medium 12 and the host computer 10 may read
and execute the program stored on the recording medium 12.

As 1mdicated by the dash line 1 FIG. 4, for instance, the
host computer 10 may have a data transmission speed
control section 16 for controlling so that print data prepared
at a predetermined data preparation speed by application
software 14 can be transmitted 1in synchronization with the
clock rate of the synchronizing signal S3.

Processing similar to that performed by the data trans-
mission speed control section 16 may be stored on a record-
ing medium 12' as a program and the host computer 10 may
read and execute the program.
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3. Third Embodiment

Next, a third embodiment of the present invention will be
discussed with reference to FIG. 7. Parts 1dentical with those
previously described with reference to the accompanying
drawings are denoted by the same reference numerals. A
printer 30 according to the third embodiment of the present
invention 1s made up of an interface control section 33
connected to a host computer 10 and a print processing
execution section 34 connected to the interface control
section 33.

As shown 1n FIG. 7, the interface control section 33
comprises a data reception section 21A, a synchronizing
signal output section 21B, a data transmission section 21C,
and a control section 21D. The data reception section 21A 1s
made up of a print data detection section 211 and a command
detection section 212. The print processing execution sec-
fion 34 has a mput buffer memory section 221, a data read
section 222, a data analysis and conversion section 223, a
data expansion section 224, a print processing section 2235,
and a state detection section 226.

In the interface control section 33, the print data detection
section 211 detects print data 1n data S2 transmitted from the
host computer 10 and transmits the detected print data to the
print processing execution section 34. When detecting a
clock rate change command 1n the data S2, the command
detection section 212 notifies the control section 21D of
detection of the change command. Upon reception of the
notification indicating of detection of the change command
from the command detection section 212, the control section
21D 1nstructs the synchronizing signal output section 21B to
change the clock rate of a synchronizing signal 1nto the clock
rate corresponding to the change command. The print pro-
cessing execution section 34 1s the same as that shown 1n
FIG. 2 and therefore will not be discussed again.

As 1n the first and second embodiments, the operation of
the sections of the printer 30 1s controlled by a central
processing unit (CPU) for performing required processing in
accordance with instructions (a computer program and nec-
essary data) stored in instruction storage means such as a
ROM 1nstalled 1n the printer 30.

The printer 30 according to the third embodiment of the
present invention operates 1n the same manner as the printer
30 according to the second embodiment (see FIG. 4) except
that the command detection section 212 of the interface
control section 33 detects a clock rate change command
from the host computer 10, that the command detection
section 212 notifies the control section 21D of detection of
the change command, and that the print data detection
section 211 detects the print data contained 1n the data signal
S2 and transmits the detected print data to the print process-
Ing execution section 34.

As scen from the description made so far, the data
transmission speed can be changed easily according to the
printers 30 of the second and third embodiments of the
present 1mvention.

4. Fourth Embodiment

Next, a fourth embodiment of the present invention will
be discussed with reference to FIGS. 8 and 9. Parts 1dentical
with those previously described with reference to the accom-
panying drawings are denoted by the same reference numer-
als. As shown 1n FIG. 8, a printer 40 according to the third
embodiment of the present invention 1s made up of an
interface control section 41 connected to a host computer 10
and a print processing execution section 42 connected to the
interface control section 41.

As shown 1n FIG. 9, the interface control section 41
comprises a data reception section 21A, a synchronizing
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signal output section 21B, a data transmission section 21C,
and a control section 21D.

The data reception section 21A receives data S2 trans-
mitted from the host computer 10 and outputs the data S2 to
the print processing execution section 42. The synchronizing
signal output section 21B outputs a synchronizing signal S3
to the host computer 10 and the host computer 10 outputs
data to the printer 40 1n synchronization with the synchro-
nizing signal S3. The control section 21D detects the expi-
ration of the count value 1n a timer section 228 of the print
processing execution section 42 and upon detection of the
expiration, gives a data output command signal to the data
transmission section 21C. The data transmission section 21C
temporarily stores data transmitted from the printer 40 to the
host computer 10, such as a status signal transmitted from a
state detection section 226. When receiving the data output
command signal from the control section 21D, the data
transmission section 21C outputs the data as long as a
predetermined length in the stored data to the host computer
10 as a signal S4. That 1s, 1t outputs the data as long as the
predetermined length 1n the data stored at a predetermined
time interval determined by the count value in the timer
section 228 to the host computer 10 as the signal S4.

The print processing execution section 42 has a reception
buffer memory section 221, a data read section 222, a
command detection section 227, a data analysis and con-
version section 223, a data expansion section 224, a print
processing section 225, the timer section 228, and the state
detection section 226.

The 1nput buffer memory section 221 temporarily stores
the data S2 input via the data reception section 21A of the
interface control section 41. The data read section 222 reads
the data stored in the input buffer memory section 221 in
sequence. When the command detection section 227 detects
the change command 1n the data S2, it changes the setup
count value 1n the timer section 228. The data analysis and
conversion section 223 analyzes read data and converts the
data into a predetermined data format. The data expansion
section 224 expands the data provided by the data analysis
and conversion section 223 into print image data. The print
processing section 225 performs print processing based on
the print image data provided by the data expansion section
224.

The timer section 228 has a predetermined count value set
and counts 1n sequence 1n synchronization with a synchro-
nization signal. The state detection section 226 outputs a
status signal indicating the current state of the printer 40,
such as printing, print completion, or no paper, 1n synchro-
nization with the synchronizing signal S3 at a predetermined
timing. The status signal output from the state detection
section 226 1s input to the data transmission section 21C and
1s temporarily stored therein. In addition to the status signal,
for example, a code signal for indicating the model of the
printer 40 1s stored 1n the data transmission section 21C.
Each of the signals stored in the data transmission section
21C 1s output from the data transmission section 21C to the
host computer 10 as the signal S4 at a predetermined timing.

Next, the operation of the printer 40 will be discussed.
First, with the printer 40 and the host computer 10 connected
by a printer cable, the synchronizing signal S3 1s output from
the interface control section 41 of the printer 40 to the host
computer 10. As the host computer 10 receives the synchro-
nizing signal S3, it outputs data S2 synchronized with the
synchronizing signal S3 from a transmission circuit (not
shown) via the printer cable to the printer 40. In the normal
state, print data 1n the data S2 transmitted from the host
computer 10 1s transmitted via the data reception section
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21A to the print processing execution section 42, which then
performs print processing for the print data.

On the other hand, when the printer 40 outputs a signal
such as the status signal or code signal to the host computer
10 before print processing, during print processing, or upon
completion of print processing, the signal 1s temporarily
stored 1n the data transmission section 21C.

Upon the expiration of the count value 1n the timer section
228, the control section 21D sends a data output command
signal to the data transmission section 21C. When receiving
the data output command signal, the data transmission
section 21C outputs the part of the temporarily stored data

as long as a predetermined length, for example, one byte, to
the host computer 10 as signal S4. Whenever the data

transmission section 21C receives the data output command
signal from the control section 21D, 1t outputs the signal S4.
If no data 1s stored in the data transmission section 21C at
the reception of the data output command signal, the data
transmission section 21C does not output the signal S4.

On the other hand, 1n a system wherein the model of host
computer 10 1s changed or the host computer 10 1s connected
to another computer and peripheral machines by a LAN
(local area network), when the host computer 10 outputs
print data to the printer 40, i1t needs to change the data
transmission speed from the printer 40 because the host
computer 10 needs to perform any other processing at the
same time. In such a case, the data S2 from the host
computer 10 contains a change command for changing the
data transmission speed. The change command 1s 1mput via
the data reception section 21A to the print processing
execution section 42 and 1s detected by the command
detection section 227 of the print processing execution
section 42.

The command detection section 227 changes the count
value set 1n the timer section 228 appropriately based on the
change command, thereby changing the output timing of the
signal S2 from the data transmission section 21C.

As 1n the first to third embodiments, the operation of the
sections of the printer 40 1s controlled by a central process-
ing unit (CPU) for performing required processing in accor-
dance with 1nstructions (a computer program and necessary
data) stored in instruction storage means such as a ROM
installed 1n the printer 40.

As 1ndicated by the dashed line 1in FIG. 8, a program for
controlling the printer 40 may be stored on a recording
medium 18 and the host computer 10 may read and execute
the program stored on the recording medium 18.

5. Fifth Embodiment

Next, a fifth embodiment of the present invention will be
discussed with reference to FIG. 10. Parts i1dentical with
those previously described with reference to the accompa-
nying drawings are denoted by the same reference numerals.
As shown 1 FIG. 10, a printer 40 according to the {fifth
embodiment of the present invention 1s made up of an
interface control section 43 connected to a host computer 10
and a print processing execution section 44 connected to the
interface control section 43.

The interface control section 43 comprises a data recep-
tion section 21A, a synchronizing signal output section 21B,
a data transmission section 21C, a control section 21D, and
a timer section 21E. The data reception section 21A 1s made
up of a print data detection section 211 and a command
detection section 212.

The print processing execution section 44 has a input
bufler memory section 221, a data read section 222, a data
analysis and conversion section 223, a data expansion sec-
tion 224, a print processing section 225, and a state detection
section 226.
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The print data detection section 211 detects print data in
data S2 transmitted from the host computer 10 and transmits
the detected print data to the print processing execution
section 44. The command detection section 212, which has
the same function as the command detection section 223 1n
FIG. 9, detects a change command in the data S2 and
changes the count value set in the timer section 21E 1in
response to the change command. The timer section 21E,
which has the same function as the timer section 228 in FIG.
9, has a predetermined count value set and counts 1n
sequence 1n synchronization with a synchronization signal.
The control section 21D detects the expiration of the count
value 1n the timer section 21E and upon detection of the
expiration, outputs a data output command signal to the data
transmission section 21C.

In the printer 40 according to the fifth embodiment of the
present invention, the command detection section 212 of the
data reception section 21A detects the change command
from the host computer 10. It changes the count value set 1n
the timer section 21E appropriately based on the change
command for changing the output timing of the signal S4
from the data transmission section 21C.

As seen from the description made so far, the printers 40
according to the fourth and fifth embodiments can transmit
necessary data to the host computer reliably even 1f the host
computer has a low data processing capability.

6. Sixth Embodiment

Next, a sixth embodiment of the present invention will be
discussed below with reference to FIGS. 11 to 15.

FIG. 11 1s a block diagram to show an outline of a system
using a printer of sixth embodiment of the present invention.
Parts 1dentical with those previously described with refer-
ence to the accompanying drawings are denoted by the same
reference numerals.

FIG. 11 1s a block diagram to show an outline of a system
using a printer of sixth embodiment of the present invention.

The system 1s made up of a host 10 such as a computer
and a printer 50 connected to the host 10 by a printer cable
(not shown), etc. The printer S0 comprises an interface
control section (I/F) §1 for transmitting and receiving data to
and from the host 10 and a print processing execution
section 52.

The interface control section (I/F) 51 has a data reception
section 21A, a synchronizing signal output section 21B, a
data transmission section 21C, and a control section 21D as
shown 1n FIG. 12.

The data reception section 21A contains a reception
register 215A and a reception buffer 215B. The reception
register 215A, which 1s a shift register consisting of a
predetermined number of bits (in the embodiment, 10 bits),
1s a circuit at the first stage for recerving a data signal S2 as
serial data transmitted from the host 10. The reception buifer
215B 1s a 1-byte buffer placed at the stage following the
reception register 215A for latching data received at the
reception register 215A. The data received at the data
reception section 21A (containing print data, a control
command, etc.,) is transferred to the print processing execu-
tion section 52. That 1s, when the transmission data sent one
bit at a time from the host 10 1s collected as much as the
predetermined number of bits (in this case, 10 bits), recep-
fion at the reception register 215A 1s complete and the data
1s transferred to and latched in the reception buifer 215B,
whereby the reception register 215A becomes empty and
thus can receive the next shift data. The data transferred to
and latched in the reception buffer 215B 1s DM A-transferred
to an input buffer memory section 221 1n RAM i1nstalled 1n
the print processing execution section 52 described later and
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1s temporarily stored 1n the input buffer memory section 221.
The data 1s read therefrom as necessary and required print
processing 1s executed.

If another data piece 1s received at the reception register
215A 1n a state 1n which one data piece 1s not yet read mnto
the input buffer memory section 221 from the reception
register 215A, namely, 1s not DMA-transferred, the control
section 21D 1instructs the synchronizing signal output sec-
tion 21B to stop outputting a synchronizing signal to the host
10.

The printer of the embodiment 1s characterized by the fact
that the control section 21D has the function; the control
section 21D contains a circuit for preventing an overrun
error described above by providing the function.

Referring to FIG. 13 1n addition to FIG. 12, the control
section 21D has an AND circuit 216 for outputting a clock
stop signal S30 for instructing the synchronizing signal
output section (clock generator) 21B to stop outputting a
synchronizing signal (clock) S3 if the result of AND logic
operation of a signal S10 indicating the reception comple-
fion from the reception register 215A and a signal S20
indicating a state 1n which the reception buifer 215B con-
tains data not yet transferred 1s true. The control section 21D
can also output a control signal S§ consisting of a BUSY
signal, a READY signal, or the like to the host 10. The
synchronizing signal output section 21B, which 1s made of
a clock generator, outputs a synchronizing signal (clock) S3
to the host 10 and upon reception of an instruction from the
control section 21D, stops outputting the clock S3 to the host
10 according to the instruction.

The print processing execution section 52 has the above-
described input buiffer memory section 221, a data read
section 222, a data analysis and conversion section 223, a
data expansion section 224, a print processing section 2235,
a state detection section 226, and a command detection
section 227.

The 1nput buffer memory section 221 i1s formed as a
so-called ring buffer and temporarily stores data input
through the data reception section 21A 1n the interface
control section 51. That 1s, the data latched 1n the reception
buffer 215B 1s DM A-transterred to the input butfer memory
section 221 and 1s read therefrom as necessary for executing
required print processing. The counter value set for the
DMA transfer described above becomes the size of the ring
buffer TS forming the input buffer memory section 221 (the
number of addresses). At the DMA termination time, it
becomes necessary to perform processing of returning the
pointer to the top of the input butfer memory section 221 and
resetting the counter.

The data read section 222 reads the data stored 1n the 1nput
buffer memory section 221 1n sequence. The data analysis
and conversion section 223 analyzes print data in the read
data and converts the print data into a predetermined data
format. The data expansion section 224 expands the data
provided by the data analysis and conversion section 223
into print 1mage data. The print processing section 2235
performs print processing based on the print 1mage data.
When the command detection section 227 detects the change
command 1n the data read by the data read section 222, 1t
sends the change command to the control section 21D.

The state detection section 226 outputs a status signal S4
indicating the current state of the printer 50 (printing, print
completion, no paper, etc.,) to the data transmission section
21C 1n the interface control section 51. The data transmis-
sion section 21C transmits the status signal S4 to the host 10
in synchronization with the synchronizing signal S3 at a
predetermined timing. In addition to the status signal S4, for
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example, a code signal indicating the model of the printer 50
1s transmitted from the printer 50 to the host 10.

The control operation for overrun prevention executed in
the iterface control section 51 will be discussed with
reference to FIG. 13 to FIG. 18.

First, when the host 10 and the printer 50 are powered on
with the host 10 and the printer S0 connected by a printer
cable, etc., the synchronizing signal output section (clock
generator) 21B in the printer 50 outputs a synchronizing
signal S3 at a default clock rate to the host 10.

Next, the printer 50 outputs a stop request signal (for
example, a BUSY signal) as a control signal S5 from the
control section 21D or stop request data (for example, XOFF
code) as a status signal S4 from the data transmission section
21C to the host 10 for stopping data transmission from the
host 10 to the printer 50.

After completion of necessary initialization processing
and warm-up processing, the printer 50 outputs a stop
release signal (for example, a READY signal) as a control
signal S5 from the control section 21D or stop release data
(for example, XON code) as a status signal S4 from the data
transmission section 21C to the host 10, which then starts to
transmit a data signal S2 as serial data to the printer 50.

After this, the synchronizing signal S3 1s changed from
the default clock rate to the rate fitted to performance of the
host 10, for example, a clock having a frequency corre-
sponding to the baud rate 1.8 Mbps and generation of the
clock at the speed shown in FIG. 15(d) is started at step S101
in FIG. 14.

A data signal S2 transmitted from the host 10 to the printer
50 1n synchronization with the clock consists of, for
example, one start bit, eight data bits (one byte), and one
stop bit (10 bits in total). In the data reception section 21A
shown 1n FIG. 12, the start bit 1s detected on the rising or
falling edge of the clock S3 and the eight data bits are also
sampled, whereby the 10-bit data 1s shift-input to the recep-
tion register 215A and reception at the reception register
215A 1s started at step S102.

Subsequently, the stop bit 1s detected, then 1-byte data 1s
defined, and reception of the 1-byte data, for example, S2a
shown in FIG. 15(a) at the reception register 215A 1is
complete at step S103.

Whether or not the reception buifer 215B 1s full 1s judged
at step S104. If the reception buifer 215B 1s not full, the
1-byte data S2 a 1s transferred to and latched 1n the reception
buffer 215B at step 105 as shown in FIG. 15(b).

The data S2a transferred to the reception buifer 215B 1s
DMA-transferred to the mput buffer memory section 221 1n
the RAM i1nstalled 1n the print processing execution section
52 as described above, namely, 1s read from the reception
buffer 215B by a DMA controller, etc., (not shown) and 1s
written mto the input buffer memory section 221 1n the RAM
installed 1n the print processing execution section 52 via a
bus (not shown) for the required print processing described
above.

Unless reception of all data 1s complete at step S106,
control returns to S102 and reception at the reception
register 215A 1s started because the reception register 215A
becomes empty by executing step S105 and 1s ready to
receive data.

Reception of the 1-byte data at the reception register 215A
1s complete at step S103 and whether or not the reception
buffer 215B 1s full 1s judged at step S104. If the reception
buffer 215B 1s full, generation of the clock S3 by the
synchronizing signal output section (clock generator) 21B is
stopped at step S107.

That 1s, 1f the reception register 215A completes reception
of 1-byte data S2¢ as shown in FIG. 15(@) 1n a state in which
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the reception butfer 215B stores data S2d, for example, as
shown in FIG. 15(b), the AND circuit 216 executes AND
logic operation of a signal S10 indicating the reception
completion from the reception register 215A and a signal
S20 indicating the state 1n which the reception butfer 215B
contains data not yet transferred. A clock stop signal S30 for
the AND circuit 216 to instruct the synchronizing signal
output section (clock generator) 21B to stop the clock goes
high as shown in FIG. 15(c¢). As the signal S30 goes high, the
synchronizing signal output section (clock generator) 21B
stops clock generation as shown in FIG. 15(d) at step S107.

Unless the 1-byte data S2d 1n the reception butfer 215B 1s
not DMA-transferred to the input buffer memory section
221, if whether or not the reception buifer 215B 1s full 1s
judged at step S108, the full state continues. On the other
hand, for example, unlike the case shown 1n FIG. 15, 1if the
reception bufler 215B 1s not full, the 1-byte data S2e 1is
transferred to and latched in the reception buffer 215B at
step S109.

Then, control returns to step S101 at which the synchro-
nizing signal output section (clock generator) 21B again
starts clock generation and the control operation sequence 1s
repeated until reception completion of all data at step S110.
That 1s, 1f the reception butfer 215B 1s not full, the signal S20
indicating a state 1n which the reception buffer 215B con-
tains data i1s not output, thus the AND circuit 216 outputs
false as the result of AND logic operation of the signals S10
and S20.

Therefore, the clock stop signal S30 for the AND circuit
216 to 1nstruct the clock generator 21B to stop the clock goes
low as shown in FIG. 15(c), so that the synchronizing signal
output section (clock generator) 21B again starts clock
generation as shown in FIG. 15(d).

To generate the signal S10 indicating reception comple-
tion from the reception register 215A, a latch signal that can
be transferred may be output, for example, 1if 10 bits are
collected because the reception register 215A 1s preset to 10
bits. The signal S20 indicating a state in which the reception
buffer 215B contains data not yet transferred can be gener-
ated by hardware means, for example, for generating a
signal set as data 1s transferred from the reception register
215A to the reception buifer 215B and reset as data 1s read
therefrom.

As described above, 1n the embodiment, 1f 2-byte unproc-
essed data 1s stored in the printer, namely, 1-byte data 1s
stored 1n the reception register 215A and 1-byte data 1s
stored 1n the reception buifer 215B at the same time, as
indicated by dotted lines in FIGS. 15(a) and 15(b) clock
generation 1s stopped.

In the embodiment, the clock may stop instantaneously,
but stops only slightly when the input buffer (ring buffer)
pointer and counter are reset according to a DMA termina-
tion interrupt; the performance of the printer does not much
lower from a macroscopic viewpoint.

Therefore, 1f the CPU or the like 1n the printer compara-
tively slow 1n interrupt processing, a failure 1s hard to occur
in serial data reception. In other words, if the printer is
comparatively slow 1n interrupt processing, it can receive
data at a high baud rate from the host.

As many apparently widely different embodiments of the
present mvention may be made without departing from the
spirit and scope thereof, 1t 1s to be understood that the
present mvention 1s not limited to the specific embodiment
thereof except as defined 1n the appended claims.

For example, 1n the embodiment, the hardware of the
AND circuit 216 1s installed 1 the control section 21D for
performing overrun prevention control 1 the mterface con-
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trol section 51, but software of a program for performing
similar control may be istalled 1n place of the hardware. In
the embodiment, the synchronizing clock stop circuit for
overrun prevention 1s installed 1n the control section 21D, 1n
addition, a synchronizing clock stop circuit as software such
as a synchronizing clock stop circuit as software for chang-
ing the baud rate may be provided in the periphery of or in
the synchronizing clock stop circuit as hardware.

In the embodiment, clock generation 1s stopped when
2-byte unprocessed data 1s stored 1n the printer. Specifically,
the reception register 215A 1s formed as a 10-bit shaft
register and the reception buffer 215B has a 1-byte capacity
and 1f 1-byte data exists each in both the register and the
buffer at a time, clock generation 1s stopped. However, for
example, the capacity of the reception buffer 215B may be
increased like two bytes or more with the reception register
215A unchanged. That 1s, the reception buffer 215B may
have a capacity of any number of bytes and when the
reception bufler 215B becomes full of data, clock generation
may be stopped.

Further, as indicated by the dashed line mn FIG. 11, a
program for controlling the printer S0 may be stored on a
recording medium 18 and the host computer 10 may read
and execute the program stored on the recording medium
18"

As seen from the description made so far, according to the
present 1nvention, overrun €rror occurrence can be pre-
vented effectively even 1f 1t takes slight time 1n processing
at the DMA transfer termination time from the data recep-
fion section to the mput bufler memory section.

What 1s claimed 1s:

1. A printer for transmitting a synchronizing signal to a
host computer, using a sampling signal to detect data includ-
ing command data and print data, which 1s transmitted from
the host computer 1n synchronization with the synchronizing
signal, generating 1image data from the detected data, and
performing print processing based on the 1mage data,

wherein a frequency of the sampling signal 1s higher than
a frequency of the synchronizing signal.

2. The printer as set forth in claim 1 wherein the syn-
chronmizing signal 1s generated by dividing the sampling
signal.

3. A printer comprising;

an 1nterface control section for communicating data
between a host computer;

a synchronizing signal output section provided in the
interface control section for outputting a synchronizing
signal to the host computer; and

a data detection section provided in the interface control
section for detecting data including command data and
print data, which 1s transmitted from the host computer
to generate 1mage data based on the detected data,

wherein the data 1s transmitted from the host computer 1n
synchronization with the synchronizing signal, and

wherein the data 1s detected by using a sampling signal
having a frequency higher than a frequency of the
synchronizing signal.

4. The printer as set forth in claim 3 wherein the syn-
chronizing signal output section generates the synchronizing
signal dividing the sampling signal.

5. A printer comprising:

an 1nterface control section for communicating data with

a computer;

a synchronizing signal output section provided in the
interface control section for outputting a synchronizing
signal to the host computer in order to make the host
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computer transmit data, which includes command data
and print data, to the printer;

a data reception section provided 1n the interface control
section for recerving the data transmitted from the host
computer at data transmitting speed based on the syn-
chronizing signal;

a print processing execution section for performing a print
processing based on image data generated from the data
received 1n the data reception section;

a command detection section for outputting a detection
signal when a change command for changing a clock
rate of the synchronizing signal 1n the command data
received at the data reception section 1s detected; and

a control section provided in the interface control section
for outputting a signal 1nstructing the host computer to
stop to transmit the data when the detecting signal 1s
received, controlling the synchronizing signal output
section so as to change the clock rate of the synchro-
nizing signal as instructed by the change command, and
outputting a signal instructing the host computer to
restart to transmit the data when the changing of the
clock rate 1s completed.

6. The printer as set forth in claim §, wherein the
command detection section 1s provided 1n the print process-
Ing execution section.

7. The printer as set forth in claim 5, wherein the
command detection section 1s provided 1n the print process-
Ing execution section.

8. A printer comprising;

an 1nterface control section for communicating data with
a host computer;

a synchronizing signal output section provided in the
interface control section for outputting a synchronizing,
signal to the host computer in order to make the host
computer transmit data, which includes command data
and print data, to the printer;

a data reception section provided 1n the interface control
section for receiving the data transmitted from the host
computer at a data transmitting speed;

a print processing execution section for performing a print
processing based on image data generated from the data
received 1n the data reception section;

a data transmission section provided in the interface
control section for outputting a control signal to the
host computer 1n order to control the host computer;

a command detection section for detecting a change
command for changing the data transmitting speed
contained 1n the command data received at the data
reception section 1s detected;

timer section for counting a count value varied 1n accor-
dance with the data transmitting speed and outputting a
count expiration signal when the counting 1s expired;
and

a control section for controlling the data transmission
section to transmit data having a predetermined data
length 1nto the host computer when the count expiration
signal 1s outputted.

9. A printer comprising;:

an 1nterface control section for communicating data with
a host computer;

a synchronizing signal output section provided in the
interface control section for outputting a synchronizing
signal to the host computer in order to make the host
computer transmit data, which includes command data
and print data, to the printer;
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a data reception section provided 1n the mterface control
section for receiving the data transmitted from the host
computer at data transmitting speed based on the syn-
chronizing signal;

a print processing execution section for performing a print
processing based on image data generated from the data
received 1n the data reception section;

an 1nput buffer memory section provided in the print
processing execution section for storing the data trans-
ferred from the data reception section temporarily, and

a control section for controlling the synchronizing signal
output section to stop to transmit the synchronizing
signal to the host computer if another data piece 1s
received at the data reception section 1n a state that one
data piece 1s not yet transferred from the data reception

section, and instructs the synchronizing signal output
section to restart to transmit the synchronizing signal to
the host computer when the data reception section
becomes ready to receive another data piece.

10. The printer as set forth i claim 9, wherein the data
reception section includes a reception register receiving the
data from the host computer, and a reception buifer latching
the data received by the reception register, and the data is
transterred from the reception buffer to the mput buifer
section.

11. The printer as set forth 1n claim 10, wherein the control
section includes a logic circuit outputting a signal instructing
the synchronizing signal output to stop to transmit the
synchronizing signal when both of a signal indicating
completion of the data reception by the reception register
and a signal 1indicating a state in which the reception buffer
contains date not yet transferred from the reception buifer to
the 1nput buffer section are 1nput.

12. An imterface control method 1n a printer, comprising
the steps of:

outputting a synchronizing signal to a host computer;

receiving data including command data and print data,
which 1s transmitted from the host computer at data
transmission speed based on the synchronizing signal;

detecting a change command for changing a clock rate of
the synchronizing signal from the command data; and

instructing the host computer to stop to transmit data;

changing the clock rate of the synchronizing signal as
instructed by the change command; and

instructing the host computer to restart to transmit the data
when the changing of the clock rate 1s completed.
13. An imnterface control method in a printer, comprising
the step of:

outputting a synchronizing signal to a host computer;

receiving data including command data and print data,
which 1s transmitted from the host computer at a data
transmission speed;

detecting a change command for changing the data trans-
mission speed from the command data;

counting a count value determined by the change com-
mand;

detecting an expiration of the counting; and

outputting a control data having a predetermined data
length to the host computer in accordance with the
detection of the count expiration.
14. An imterface control method 1n a printer, comprising
the step of:

outputting a synchronizing signal to a host computer;

receiving data including command data and print data,
which 1s transmitted from the host computer at data
transmission speed based on the synchronizing signal;
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transferring the data to a print processing execution
section;

latching the data as much as predetermined amount in the
print processing execution section;

stopping the output of the synchronizing signal, if another
data piece 1s received 1n a state that one data piece 1s not
yet transferred to the print processing execution sec-
tion; and

restarting the output of the synchronizing signal, when the

reception of another data piece becomes ready.
15. A recording medium for storing a printer control

program read and executed by a host computer, the printer
control program for executing the steps of:

outputting a synchronizing signal to a host computer;

receiving data including command data and print data,
which 1s transmitted from the host computer at data
transmission speed based on the synchronizing signal;

detecting a change command for changing a clock rate of
the synchronizing signal from the command data;

instructing the host computer to stop to transmit the data;

changing the clock rate of the synchronizing signal as
instructed by the change command; and

instructing the host computer to restart to transmit the data
when the changing of the clock rate 1s completed.
16. A recording medium for storing a printer control

program read and executed by a host computer, the printer
control program for executing the steps of:

outputting a synchronizing signal to a host computer;

receiving data including command data and print data,
which 1s transmitted from the host computer at a data
transmission speed;

detecting a change command for changing the data trans-
mission speed from the command data;

counting a count value determined by the change com-
mand; and

detecting an expiration of the counting and outputting a
control data having a predetermined data length to the
host computer 1n accordance with the detection of the
count expiration.

17. A recording medium for storing a printer control

program read and executed by a host computer, the printer
control program for executing the steps of:

outputting a synchronizing signal to a host computer;

recewving data, including command data and print data,
which 1s transmitted at data transmaission speed based
on the synchronizing signal;

transferring the data to a print processing execution
section;

latching the print data as much as a predetermined amount
in the print processing execution section;

stopping the output of the synchronizing signal if another
data piece 1s received 1n a state that one data piece 1s not
yet transferred to the print processing execution sec-
tion; and

restarting the output of the synchronizing signal, when the
reception of another data piece becomes ready.

18. A print system comprising;

a host computer;

a printer connected to the host computer;

synchronizing signal transmission means provided 1n the
printer for transmitting a synchronizing signal at a
predetermined clock rate to the host computer;

data transmission means provided in the host computer,
for transmitting data to the printer in synchronization
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with the synchronizing signal at the predetermined
clock rate; and

means provided in the host computer for 1nstructing the
printer to change the synchronizing signal at the pre-
determined clock rate to a synchronizing signal at a
different predetermined clock rate;

means provided in the printer for changing the synchro-
nizing signal at the predetermined clock rate to a
synchronizing signal at the different predetermined
clock rate specified by the host computer;

stop request means provided in the printer, for requesting
the host computer to stop transmitting the data before
the clock rate of the synchronizing signal 1s changed,;
and

stop release means provided in the printer, for releasing,
the host computer from stopping the data transmission
after the clock rate of the synchronizing signal 1s
changed.
19. A date transfer control method for controlling date
transfer between a host computer and a printer in a print
system comprising the steps of:

transmitting a synchronizing signal at a first clock rate
from the printer to the host computer;

starting to transmit a print 1n synchronization winch the
synchronizing signal at the first clock rate from the host
computer to the printer;

transmitting a change command for changing the syn-
chronizing signal at the first clock rate to a synchro-
nizing signal at a second clock rate from thee host
computer to the printer;

transmitting a stop request signal for requesting the host
computer to stop transmitting the print date from the
printer to the host computer;

changing the synchronizing signal at the first clock rate
into the synchronizing signal at the second clock rate
specified 1 the change command and transmitting the
synchronizing signal at the second clock rate by the
printer to the host computer; and

transmitting a stop release signal for releasing the host
computer from stopping the print data transmission
from the printer to the host computer.

20. A recording medium for storing a program for con-
trolling data transfer between a host computer and a printer
in a print system, the data transfer control program for
causing the host computer and the printer to execute the
steps of:

transmitting a synchronizing signal at a first clock rate
from the printer to the host computer;

starting to transmit a print data in synchronization with
the synchronizing signal at the first clock rate from the
host computer to the printer;

transmitting a change command for changing the syn-
chronizing signal at the first clock rate to a synchro-
nizing signal at a second clock rate from the host
computer to the printer; transmitting a stop request
signal for requesting the host computer to a stop
transmitting the print data from the printer to the host
computer;

changing the synchronizing signal at the first clock rate
into the synchronizing signal at the second clock rate
specifled 1n the change command and transmitting the
synchronizing signal at the second clock rate by the
printer to the host computer; and

transmitting a stop release signal for releasing the host
computer from stopping the print data transmission
from the printer to the host computer.
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21. The printer as set forth in claim 8, Therein the timer
section 1s provided in the interface control section.

22. The printer as set forth 1in claim 8, wherein the timer
section 1s provided 1n the print processing execution section.

23. A print system comprising;

a host computer;

a printer connected to the host computer;

synchronizing signal transmission means, provided in the
printer, for transmitting a synchronizing signal at a
predetermined clock rate to the host computer;

data transmission means, provided 1n the host computer,
for transmitting data to the printer in synchronization
with the synchronizing signal at a data transmission
speed;

detection means, provided 1n the printer, for detecting that
the host computer changes the data transmission speed;

count means, provided 1n the printer, for counting a count
value which 1s determined by the data transmission
speed; and

data output means, provided 1n the printer, for outputting,
a control data to the host computer when the count of
the count means 1s expired.

24. A print system comprising;

a host computer;

a printer connected to the host computer;

synchronizing signal transmission means provided 1n the
printer for transmitting a synchronizing signal at a
predetermined clock rate to the host computer;

data transmission means provided in the host computer
for transmitting data to the printer in synchronization
with the synchronizing signal at the predetermined
clock rate and;

data reception means provided 1n the printer, for receiving,
the data transmitted from the data transmission means;

print processing execution means provided 1n the printer,
for executing print processing;

transfer means provided 1n the printer, for transferring the
data received 1n the data reception means;

latching means provided 1n the printer, for temporarily
latching the transferred data in the print processing
execution means;

stop request means provided 1n the printer, for requesting
the synchronizing signal transmission means to stop
transmitting the synchronizing signal, if the data recep-
fion means receives another data piece 1n a state that
one data piece 1s not yet transferred to the print pro-
cessing execution section; and

stop release means provided 1n the printer, for releasing,
the synchronizing signal transmission means from
stopping the transmission of the synchronizing signal
when the reception of another data piece becomes
ready.
25. An mterface control method in a printer, comprising
steps of:

outputting a synchronizing signal having a first frequency
to a host computer; and

receiving data including command data and print data,
which it transmitted from the host computer 1n syn-
chronization with the synchronizing signal, by using a
sampling signal having a second frequency which 1is
higher than the first frequency.
26. The interface control method as claimed 1n claim 285,
further comprising a step of dividing the sampling signal to
generate the synchronizing signal.
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27. A recording medium for storing a printer control
program which 1s read and executed by a host computer, the
printer control program executing steps of:

outputting a synchronizing signal having a first frequency
to a host computer; and

receiving data including command data and print data,
which 1s transmitted from the host computer 1n syn-
chronizing with the synchronizing signal, by using a
sampling signal having a second frequency which 1is
higher than the first frequency.

28. The recording medium as claimed in claim 27,
wherein the printer control program further executes a step
of dividing the sampling signal to generate the synchroniz-
ing signal.

29. A print system comprising:

a host computer;

a printer, connected to the host computer;
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a synchronizing signal transmitter, provided in the printer,
which transmits a synchronizing signal having a first

frequency;

a data transmitter, provided in the host computer, which

transmits data imncluding command data and print data

to the printer 1n synchronization with the synchronizing

signal; and

a data detector, provided 1n the printer, which detects the
data transmitted from the host computer by using a
sampling signal having a second frequency which 1is
higher than the first frequency.

30. The print systems as claimed in claim 29, further

comprising a divider, which divides the sampling signal to
generate the synchronizing signal.
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